migration of tumor cells to neighbouring tissue as well as in metastasis to distant sites in the body via newly formed blood vessels (angiogenesis). We investigated CXCR4-SDF1a mediated chemotaxis in mouse fibroblasts in an integrated approach from the tissue to the single-molecule level. First, we characterized cellular migratory potential upon stimulation with SDF1a in wound healing assays applying phase contrast microscopy. We find that transiently transfected cells expressing CXCR4 double their migration speed in comparison to wild type 3T3 cells. Second, we applied single-molecule fluorescence microscopy to study the mobility of the G protein-coupled receptor CXCR4-eYFP in resting cells and upon stimulation with SDF1a. Two fractions of receptors prior to stimulation were identified: half of the receptors were immobile while the other half exhibited free diffusion with D~0.3 mm 2 /s on short timescales (up to 100 ms). At longer timescales receptors showed confined diffusion within micrometer domains. Global stimulation with SDF1a switched a subset of the receptors from the immobile to the mobile fraction. We predict that the impact of a SDF1a gradient might lead to asymmetric receptor diffusion and subsequently polarized cell behaviour as seen in the wound healing assays. Gq-coupled plasma membrane receptors modulate cellular functions by activating phospholipase C (PLC), which hydrolyses the membrane lipid phosphatidylinositol (4,5)-bisphosphate (PIP 2 ) into the second messengers inositoltrisphosphate (IP 3 ) and diacylgycerol (DAG). To better understand the mechanisms that govern these partially independent signals we monitored in single, living tsA-201 cells levels of PIP 2 , IP 3 , calcium, DAG, and PKC by optical probes and current. We compared (i) activation of (low-abundance) endogenous purinergic receptors and overexpressed M 1 muscarinic receptors, and (ii) different concentrations of the muscarinic agonist oxotremorine-M (oxo-M). Whereas the peak responses from reporters of IP 3 (LIBRAvIII) and DAG (C1 domains of PKCg) scale with abundance of receptor or agonist, downstream production of calcium (Fura4F) and PKC activation (CKAR) do not. Amplitude and duration of calcium signals elicited by 100 mM UTP, 10 nM oxo-M, or 10 mM oxo-M are almost identical. The only difference is a shorter latency with 10 mM oxo-M. These data suggest that a relatively low amount of IP 3 is required for calcium release. This interpretation is supported by the finding that a full-size calcium response can still be elicited after PIP 2 is depleted by recruiting a PI 5-phosphatase to the plasma membrane (by rapamycin-induced dimerization). Duration and late recovery time courses are different between IP 3 (duration=68 s; t off =55 s) and calcium (duration=110 s; t off =34 s), suggesting that once a threshold of IP 3 is reached, the calcium signal unfolds. Therefore we conclude that the IP 3 requirement for calcium release must be low. The time point and IP 3 level (from LIBRAvIII) at which the calcium response starts can provide an estimate of this IP 3 threshold.
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Vitamin A as an Activator and Sensitizing Chromophore for Rhodopsin Sadaharu Miyazono, Tomoki Isayama, Clint L. Makino. Massachusetts Eye and Ear Infirmary and Harvard Medical School, Boston, MA, USA. Absorption of light by rhodopsin isomerizes its 11-cis retinal chromophore to the all-trans conformation. The rhodopsin then activates a biochemical cascade that produces an electrical response by the photoreceptor. Eventually, all-trans retinal dissociates from the opsin and is reduced to vitamin A. The truncated retinal analog, beta-ionone, can pharmacologically activate some types of visual pigment, mimicking the effects of light. Beta-ionone is not normally found in the retina, however, vitamin A is present within the photoreceptor and can reach millimolar concentrations after exposure to bright light. Can vitamin A activate rhodopsin? In suction electrode recordings from isolated green-sensitive rods of salamander, exogenous vitamin A decreased circulating current and flash sensitivity, and accelerated flash response kinetics, changes that can also be seen during exposure to background light. Microspectrophotometric measurements showed that vitamin A accumulated in the outer segments, and an in vitro binding assay confirmed the binding of vitamin A to rhodopsin. These results suggested that vitamin A activated rhodopsin. In addition, suction electrode recordings showed that vitamin A improved the relative sensitivity of rods to UV light and in an in vitro bleaching assay, vitamin A enhanced the bleaching of rhodopsin by UV light. Presumably, both effects involved Forster resonance energy transfer (FRET) from vitamin A to the 11-cis chromophore of rhodopsin. Next, we tested whether FRET could be induced by endogenous vitamin A. After bleaching a large fraction of the rhodopsin in green-sensitive rods to generate vitamin A, relative sensitivity to UV wavelengths did indeed increase. Therefore, vitamin A can bind rhodopsin, activate it and also serve as a sensitizing chromophore. The passive elasticity of muscle is largely governed by the I-band part of the giant muscle protein titin, a complex molecular spring composed of a series of individually folded immunoglobulin-like domains as well as largely unstructured unique sequences. These mechanical elements have distinct mechanical properties, and when combined, they provide the desired passive elastic properties of muscle, which are a unique combination of strength, extensibility and resilience. Single-molecule atomic force microscopy (AFM) studies demonstrated that the macroscopic behaviour of titin in intact myofibrils can be reconstituted by combining the mechanical properties of these mechanical elements measured at the single-molecule level. Here we report artificial elastomeric proteins that mimic the molecular architecture of titin through the combination of well-characterized protein domains GB1 and resilin. We show that these artificial elastomeric proteins can be photochemically crosslinked and cast into solid biomaterials. These biomaterials behave as rubber-like materials showing high resilience at low strain and as shock-absorber-like materials at high strain by effectively dissipating energy. These properties are comparable to the passive elastic properties of muscles within the physiological range of sarcomere length and so these materials represent a new muscle-mimetic biomaterial. The mechanical properties of these biomaterials can be fine-tuned by adjusting the composition of the elastomeric proteins, providing the opportunity to develop biomaterials that are mimetic of different types of muscles. We anticipate that these biomaterials will find applications in tissue engineering as scaffold and matrix for artificial muscles. the host cells. This represents the first step of infection and requires multiple simultaneous interactions since the affinity between one single HA-SA pair is very low (10-13 M-1). The binding interaction of influenza virus adhesion to living cells was probed by means of dynamic force spectroscopy and force probe molecular dynamics (MD) simulation. We applied three independent approaches to measure the unbinding force between influenza virus and a host cell membrane. Using optical tweezers and AFM based single molecule force spectroscopy we were able to characterize the binding energy on the single molecule level. Unbinding events where analysed and revealed a multimodal rupture force distribution which suggests sequential binding of multiple receptors. We determined the interacting force between hemagglutinin and its receptor sialic acid to be~10pN. Furthermore we used molecular dynamics simulation to gain information about the binding architecture and the sequence of the unbinding process. MD simulation allowed us a more detailed view of the energy landscape that governs the interaction between HA and its ligand. The combination of experimental and simulated force spectroscopy covers a very large force regime and provides information that could not be obtained with either one or the other method. The techniques are complementary and provide detailed insights of the molecular interactions involved in influenza virus attachment. The structure and function of proteins are determined by their mechanical stability. The temperature-or B-factors obtained from crystallographic data provide an indirect measure of the order and stability of the protein, together with structural information. However, B-factors from crystallography analysis may be related to the protein packing in the 3D-crystal and are not quantitative. A direct quantification of the mechanical stability of proteins based on atomic force microscopy (AFM) consists in mechanically unfolding individual proteins by pulling from two points. However, its correlation with protein structure requires additional measurements. In this work we apply a novel AFM imaging mode based on force spectroscopy (PeakForce) to simultaneously acquire structural and mechanical information of membrane proteins. We used the well-known protein bacteriorhodopsin from Halobaterium salinarum as a model system, obtaining topographical and stiffness maps with subnanometer resolution. The characteristic trimeric organization of the trigonally packed (a = b = 62.5Å ; g= 120 ) bacteriorhodopsin was clearly visible with inter-monomer distances of 3.2 nm. Overlay of stiffness and topography maps allowed the investigation of nanomechanical properties at the single molecule level providing a map of the structural stability of bacteriorhodopsin.
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120-Plat Force Spectroscopy of Mammalian Prion Protein Folding and Misfolding
Hao Yu 1 , Xia Liu 1 , Angela M. Brigley 2 , Allison Solanki 1 , Amar N. Gupta 1 , Iveta Sosova 2 , Michael T. Woodside 1,2 .
1 University of Alberta, Edmonton, AB, Canada, 2 National Institute for Nanotechnology, Edmonton, AB, Canada.
Prions are unconventional infectious agents that have the capacity to trigger the native prion proteins (PrP C ) to adopt a misfolded conformation (PrP Sc ) which leads to aggregation and neurodegenerative disease. Although the mechanism of PrP Sc formation is still unknown, partially-folded intermediate or misfolded states are thought to play important roles in the conversion and amyloid formation processes. Here, we study the folding of the prion protein by single molecule force spectroscopy using optical tweezers and present the first direct observation of partially structured misfolded states. Single molecules of recombinant mammalian prion protein held under tension are repeatedly unfolded and refolded, revealing that the prion protein folds and unfolds cooperatively as a two-state system, with no observable on-pathway intermediates. Intriguingly, we observe multiple off-pathway misfolded states with different lifetimes and extensions. We explore the thermodynamics and kinetics of these states and characterize the different folding pathways of the protein. Helicases are ATP hydrolysis driven molecular motors that processively unwind double stranded DNA. In this study we investigate RecQ2 helicase from Arabidopsis thaliana (AtRecQ2) which plays an important role in genomic maintenance. We use high resolution magnetic tweezers in order to probe the unwinding of a DNA hairpin by this enzyme in real time under different external forces. We find an unwinding rate of 7-9 bp/s which is slow compared to many prokaryotic helicases. Applied forces between 5 and 12 pN only weakly affect this parameter, while the AT versus GC content of the unwound DNA has a significant impact. The weak force-but the relatively strong sequence dependence of DNA unwinding is in disagreement with a passive ratchet unwinding mechanism. High-resolution measurements reveal that AtRecQ2 unwinds the DNA in 3-4 bp steps. Beyond the behavior of AtRecQ2 during unwinding we analyze its behavior on single-strand DNA. While failing to detect single-strand DNA translocation, the data in contrary suggests that AtRecQ2 diffuses on single stranded DNA. Such a weak contact to singlestrand DNA is supported by the observation that even on a stretched hairpin configuration the enzyme is capable of repetitive shuffling, i.e. the instantaneous restart of DNA unwinding after a terminated event. Based on this we hypothesize that AtRecQ2 switches between a processive unwinding-mode on double-stranded DNA and a diffusive-mode on single-stranded DNA in order to keep a target hairpin constantly open or to search for a new distant target fork.
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Massively Parallel Single-Molecule Manipulation using Centrifugal Force Wesley P. Wong, Ken Halvorsen. Harvard University, Cambridge, MA, USA. Precise manipulation of single molecules has already led to remarkable insights in physics, chemistry, biology, and medicine. However, two issues that have impeded the widespread adoption of single-molecule techniques are equipment cost and the laborious nature of making measurements one molecule at a time.
To meet these challenges, we have developed an approach that enables massively parallel single-molecule force measurements using centrifugal force [1] . This approach is realized in an instrument that we call the centrifuge force microscope in which objects in an orbiting sample are subjected to a calibration-free, macroscopically uniform force-field while their micro-to-nanoscopic motions are observed. We demonstrate high-throughput single-molecule force spectroscopy with this technique by performing thousands of rupture experiments in parallel, characterizing force-dependent unbinding kinetics of an antibody-antigen pair in minutes rather than days. Additionally, we verify the force accuracy of the instrument by measuring the well-established DNA overstretching transition at 66 þ/-3 pN. Currently, we are taking steps to integrate high-resolution detection, fluorescence, temperature control and a greater dynamic range in force. With significant benefits in efficiency, cost, simplicity, and versatility, single-molecule centrifugation has the potential to expand single-molecule experimentation to a wider range of researchers and experimental systems.
[1] K. Halvorsen, W.P. Wong, Biophysical Journal -Letters 98 (11), (2010).
123-Plat Freely Orbiting Magnetic Tweezers: A New Twist on Single Molecule
Force Spectroscopy Matthew J. Wiggin, Jan Lipfert, Roeland van Wijk, Jakob Kerssemakers, Nynke Dekker. TU Delft, Delft, Netherlands. A wide variety of cellular processes, including replication, transcription, and recombination, alter the linking number of DNA. Understanding such processes therefore requires measuring rotation; however, it has only recently become possible to make such measurements directly at the single molecule scale. We have developed a new instrument, the freely orbiting magnetic tweezer (FOMT), which permits straightforward, direct measurement of rotary motion in biopolymers. We demonstrate that FOMT can observe rotation of a dsDNA tether simply by
